Objective: To assess the relationship between SCT, hemoglobin levels and anemia in CKD black patients. Method: A post-hoc analysis of data from 188 patients, enrolled in a cross-sectional study of sickle cell trait (SCT) and chronic kidney disease (CKD), was performed to assess the relationship between SCT, hemoglobin (Hb) levels and anemia defined as Hb < 12 g/dl in men and <11 g/dl in women. Student t test, Mann Whitney and Chi square test were used as appropriate for different comparisons. P < 0.05 defined the level of statistical significance. Results: SCT (HbAS) and normal hemoglobin (HbAA) were present in 39 (21%) and 149 (79%) CKD patients, respectively. Despite similar estimated GFR (eGFR) and age, HbAS patients had significantly lower Hb levels (8.8 ± 1.8 vs 10 ± 2.2 g/dl; p = 0.001) and a higher proportion of anemia (95% vs 72%, p = 0.001). In multiple linear regression analysis, eGFR, BMI, SBP and SCT emerged as independent determinants of Hb levels. The presence of SCT was associated with 1.185 g/dl decrease in Hb levels. Conclusion: In the present case series, SCT was associated with lower Hb levels suggesting its potential contribution to the pathogenesis of CKD-associated anemia.
Introduction
African American patients with end-stage renal disease (ESRD) have been reported to have lower hemoglobin levels at the start of dialysis compared to other racial or ethnic groups [1] [2] . This difference in hemoglobin levels persists into the first year of dialysis despite similar treatment protocols [2] . Furthermore, patients receiving chronic dialysis (≥90 days) require higher doses of erythropoietin-stimulating agents (ESA) to achieve similar hemoglobin levels [3] . Although disparities in access to predialysis care have been advocated, they do not fully explain the persistence of lower hemoglobin levels in Blacks [3] . An alternative or additional explanation could be that lower hemoglobin levels and higher ESA dosing may reflect an underlying hemoglobinopathy [3] . Indeed, a higher prevalence of heterozygosity for hemoglobin S (HbAS) and C (HbAC) has been already reported in African Americans with ESRD receiving dialysis [4] . Although typically considered as a benign carrier state, individuals with HbAS or HbAC may experience clinical complications due to changes to red-cell rigidity under situations of stress [5] that could lead to low grade sickling and hemolysis. Uremic toxins may alter erythrocytes and predispose to sickling of red blood cells containing HbAS [6] . Sickle cell trait (SCT) has been also shown to be potentially prothrombotic [7] . Furthermore, chronic kidney disease (CKD) black patients bearing HbAS have been reported to be resistant to ASE and require thus higher doses of these agents compared to other race/ethnic groups [4] . Bearing in mind these pathophysiological changes, one might expect HbAS to be common in patients with CKD and particularly influential in the pathogenesis and treatment of CKD-associated anemia [8] . Therefore, the identification of SCT in patients with CKD could have therapeutic and prognostic implications [8] .
In the Democratic Republic of the Congo, the prevalence of CKD is estimated to be of 12% [9] . In clinical settings, three quarters of patients are referred late at CKD stages 4 or 5 with anemia as one the common clinical findings [10] . The prevalence of SCT is reported to be of 20% [11] . If the relationship between SCT and CKD has been already evaluated [12] , it is not yet the case for that of SCT with anemia in CKD patients. Therefore, the aim of the present post hoc analysis was to determine the prevalence of SCT and its association with anemia in CKD patients prior to dialysis. We hypothesized that HbAS would be more frequent in CKD patients and predispose to lower Hb levels.
Patients and Methods
To assess the prevalence of SCT and its association with anemia in patients with CKD, we performed a post hoc analysis of data from 188 patients enrolled in a cross-sectional study of the relation between CKD and SCT carried out at secondary (General Hospital of Kinshasa, Saint Joseph Hospital Kinshasa) and tertiary (University of Kinshasa Hospital) healthcare settings from 30 April to 24 August 2012. The details of the original study have been already described elsewhere [12] . In brief, Hb genotypes using high performance liquid chromatography, serum creatinine, hemoglobin levels, serum lipids, plasma glucose and dipstick proteinuria were retrieved from each patient's file. Estimated glomerular filtration rate (eGFR, ml/min/1.73 m 2 ) was calculated from serum creatinine using the abbreviated Modification of Diet in Renal Disease equation (MDRD) [13] ; chronic kidney disease (CKD) was defined as GFR < 60 ml/min/1.73 or dipstick proteinuria ≥ 1+ and stratified according to Kidney Disease Outcome Quality Initiative [14] . Anemia was defined as Hb < 12 g/dl in men or <11 g/dl in women [15] . Hypertension was defined as seated blood pressure (BP) ≥ 140/90 mm Hg or the current use of antihypertensive drugs [16] . Diabetes as fasting plasma glucose (FPG) ≥ 126 mg/dl or current use of antidiabetic drugs [17] . Global and central obesity were defined as body mass index (BMI) ≥ 30 Kg/m 2 and waist circumference (WC) ≥ 94 cm for men and ≥80 cm for women, respectively [18] [19] .
Statistical Analyses
Baseline characteristics were summarized as means and SDs for continuous variables normally distributed and median and interquartile range (IQR) for skewed variables; categorical variables as frequencies and percentages. Student t test and Mann Whitney Wilcoxon test were used to compare means, as appropriate; Comparison of qualitative variables was performed using Chi square test. Multiple linear regression analysis was used to evaluate the relative contribution of sickle cell trait to the variation of hemoglobin level adjusting for potential confounders [Age, body mass index (BMI), diabetes duration, systolic (SBP) and diastolic (DBP) blood pressure, eGFR-MDRD, uric acid, proteinuria]. P < 0.05 defined the level of statistical significance.
Results
Clinical and biological characteristics of the whole study population and according to hemoglobin genotype are summarized in Table 1 and Table 2 . Of the 188 patients with CKD, 97 were women (52%) and the mean age of the study group was 56 ± 16 years. They had in average Hb levels of 11 ± 2.40 g/dl and eGFR of 26 ± 20 ml/min/1.73 m 2 . CKD stages 3, 4 and 5 were present in 54%, 15% and 31% of patients, respectively; hypertension (47%), diabetes (29%) and CGN (21%) were the main underlying causes of CKD ( Table 3 ). All patients were receiving conservative therapy based on BP control mainly with angiotensin converting enzyme inhibitors (72.8%), glycemic control with insulin, dyslipidemia control with statins, symptomatic correction of anemia with iron, correction of water and electrolytes as well as acid base disturbances if present; although indicated, none of the patients was receiving erythropoietin. The proportion of SCT and HbAA patients receiving statins was 2.6% and 11.5%, respectively; however, the difference was not statistically significant (p = 0.075). Sickle cell trait (HbAS) and anemia were present in 39 (21%) and 135 (72%) CKD patients, respectively. Despite similar eGFR (23 ± 18 for HbAS vs 26 ± 20 ml/min/1.73 m 2 for HbAA, p = 0.296), HbAS patients had significantly (p = 0.001) lower Hb levels (8.8 ± 1.8 vs 10 ± 2.2 g/dl) and a higher (95% vs 72%; p = 0.001) proportion of anemia than HbAA ones. They also had significantly elevated uric acid levels (9.50 ± 2.7 vs 7.00 ± 2.60 mg/dl, p = 0.001) ( Table 2) .
In multiple linear regression analysis (Table 4) , eGFR, BMI, SBP and sickle cell trait emerged as independent determinants of Hb levels; the model explained 50% (R 2 0.50) of the variations in Hb levels. The presence of sickle cell trait was associated with 1.185 g/dl decrease in Hb levels. Variables not included in the model were age, diabetes duration, DBP, uric acid and proteinuria.
Discussion
The main findings of the present post-hoc analysis are as follows; first, CKD patients with SCT had increased levels of uric acid; second, despite similar eGFR, they also had lower hemoglobin levels and a higher frequency of anemia than those with HbAA.
Elevated uric acid levels, component of the metabolic syndrome [20] , are associated with insulin resistance and subsequent hyperinsulinemia [21] that could contribute to anemia in CKD through adipocytokine-induced oxidative stress and inflammation [22] . Since SCT could induce inflammatory responses and oxidative stress beyond those already initiate by CKD [6] , higher uric acid levels in HbAS patients could translate an increased generation of reactive oxygen species and subsequent oxidative stress by the presence of this abnormal hemoglobin [23] .
Lower hemoglobin levels in black patients with ESRD have been already reported in African Americans at the start of dialysis in comparison to other ethnic groups [1] . For some authors [4] , this difference in hemoglobin levels could be reflective of an underlying hemoglobinopathy. In this regard, a higher prevalence of heterozygosity for HbS (HbAS) and HbC (HbAC) have been found in African-Americans with ESRD receiving renal replacement therapy [1] [4] . Our finding of an association between lower Hb levels and the presence of SCT in CKD patients raises question regarding the underlying mechanisms and clinical implications. Several potential mechanisms could be advocated to explain our finding. First, although usually considered as a benign carrier state, individuals bearing either HbS or HbC have been found to develop clinical complications due to changes in red cell rigidity under situations of stress such as uremia and hemodialysis ultimately leading to low-grade sickling and subsequent hemolysis [5] . Indeed, uremic toxins can alter erythrocytes and predispose to sickling and hemolysis of red blood cells containing HbAS [6] . In hemodialysed patients, as blood travels through circuits, red cells exposed to lower temperature, partial pressure of oxygen and physical stressors of hemodialysis filter could experience sickling or dehydration; this transient sickling may lead to increased phosphatidylserine exposure on erythrocytes and reduced life span. Britain et al. [21] already reported that HbAS of hemodialysed patients exhibit an increase in red cell phosphatidylserine exposure. Second, chronic inflammation a feature of overt sickle cell disease (SCD) could be observed in a muted form with HbAS and impairs both iron utilization and erythropoeisis [6] . In addition, HbAS has been reported to induce inflammatory responses beyond those already experienced in hemodialysis [1] .
The association of SCT with lower Hb levels in CKD patients may have some therapeutic implications. Indeed, observational studies have shown that African Americans patients under chronic hemodialysis require larger doses of erythropoiesis-stimulating agents (ESA) to achieve a similar level of Hb after adjustment for other modifying factors [1] [3] . Plausible explanatory mechanisms relative to this finding include chronic inflammation as aforementioned and antibodies against erythropoietin [1] . SCT could induce inflammatory responses beyond those already initiate by CKD and dialysis; these inflammatory responses could contribute to resistance to ESA by blunting iron use and erythropoiesis [6] . Antibodies against ESA may also contribute to an impaired ESA response [1] . It is however important to stress out that exposure to relatively high doses of ESA may raise safety concerns. Indeed, a landmark study demonstrated that normalizing hemoglobin in ESRD patients was associated with increasing mortality [22] . In addition, higher cardiovascular events and stroke have been recently reported with higher levels of hemoglobin and concurrently higher doses of ESA [23] . The Kidney Disease Outcome Quality Initiative (KDOQI) guidelines for anemia in CKD usually recommend a target hemoglobin of 11 -12 g/dl among patients under dialysis therapy, irrespective of the dose of ESA or intravenous iron [24] . Given the high mortality associated with ESA and higher hemoglobin levels, current practice in United States of America has shifted to a target of 10 -12 g/dl [25] .
The results of the present post hoc analysis should be interpreted in the context of some limitations. First, it was a post-hoc analysis with a small sample size; second, ferritin and iron saturation capacity were not available to better characterize the types of anemia; third, the original study was a clinical-based cross-sectional study with a small sample size limiting the generalization of our findings; fourth, other types of hemoglobinopathies such as α or β-thalassemia, known to mitigate some of the effects of SCT were not assessed.
Conclusion
The present post-hoc analysis has shown that despite similar eGFR, CKD patients with SCT had significantly lower Hb levels and higher proportion of subjects with anemia. This finding does suggest the influential role of SCT in the pathogenesis and treatment of CKD-associated anemia.
